Purpose. The development, dissemination, and adoption of standard concentrations for compounded oral liquids for pediatric patients in Michigan are described.
Summary.
A baseline assessment of current practices in Michigan revealed significant variations in the concentrations of commonly used oral liquid medicines for pediatric patients. A statewide collaborative initiative in Michigan was created to standardize the concentrations of compounded oral liquids for pediatric patients. Standard concentrations were proposed and adopted by key stakeholders. These standards were then disseminated across the state to prescribers and pharmacists, with encouragement to voluntarily adopt the standards as a patient safety measure. A follow-up survey was conducted to evaluate adoption of the standards. A total of 263 pharmacists responded to the survey. Standardization of the concentrations of compounded oral liquids in Michigan was welcomed by most pharmacies and is perceived to have reduced the risk for errors at transitions of care for children receiving compounded oral liquids. Awareness of the standardization initiative was acknowledged by 77% of survey respondents, and adoption of the standards was observed to some degree by 57% of survey respondents. In addition, 70% of survey respondents agreed or strongly agreed that adoption of the standards has improved patient safety in Michigan.
Conclusion. Standard drug concentrations for compounded oral liquids were developed for pediatric patients in Michigan. A survey after dissemination of the recommended standards confirmed general awareness of the initiative and adoption of the standards by a substantial proportion of respondents. Most respondents indicated a belief that creation of the standards improved patient safety.
Am J Health-Syst Pharm. 2016; 73: O ral liquids are prescribed for children for many reasons, including weight-based dosing resulting in nonstandard doses and the need for a vehicle to administer them, an inability to swallow solid dosage forms, and the masking of a medication's taste. Unfortunately, oral liquids for many medications are not commercially available and must be compounded by a pharmacist. At the University of Michigan's C. S. Mott Children's Hospital, an observational snapshot demonstrated that approximately 60% of oral solutions used are not available commercially and require compounding. Within the practices of medicine and pharmacy, there is currently no standardization of the final concentrations of these compounded oral liquids. As a result, there may be significant variations in the concentrations and this could lead to medication errors, particularly during transitions between care sites or providers. For example, a caregiver accustomed to administering a particular volume of medication to a child may not realize that the concentration of the drug compounded by a different pharmacy has changed and may administer the same volume of liquid, resulting in a potentially serious medication error. Prescribers also are often unaware that these oral liquids may be compounded at different concentrations. Consequently, while obtaining medication histories, prescribers may fail to ask about the concentration of a specific oral liquid.
At our own practice sites, we observed several medication errors in pediatric patients involving liquid medications that led to temporary patient harm. Subsequently, we created a quality-improvement initiative to review the root causes of the medication errors. A significant root cause identified was the lack of standardized concentrations for compounded oral liquids. For example, the authors observed several errors during the transitions of care with baclofen liquid, where variability among 1-, 5-, and 10-mg/mL concentrations of baclofen was not recognized by caregivers or providers. For a child younger than two years, a 2-mL dose has a potential dose variation from 2 to 20 mg, depending on the concentration compounded. This difference can result in an intended therapeutic dose, a therapeutic failure, or a potentially toxic dose. In addition to our institutions' experience, pharmacists from across our state have reported awareness of errors associated with concentration variability. Implications of possible medication errors in pediatric patients are increased by limited physiological reserves compared with adult patients.
The Joint Commission's sentinel alert on preventing pediatric medication errors noted that pediatric inpatients have an approximate threefold increase of potential adverse drug events compared with adults. 1 The alert suggested limiting the number of concentrations and dose strengths of high-alert medications and stated that compounded oral medications should have similar volume concentrations for inpatient and outpatient use. The Consumer Healthcare Products Association has reported that manufac-
KEY POINTS
• An assessment of current practices in Michigan revealed significant variation in the concentrations of commonly compounded oral liquids for pediatric patients.
• A consensus process was used to establish standard concentrations that have since been endorsed by prescriber organizations and the Michigan Pharmacists Association.
• After dissemination of the standard concentrations and the development of a website reference, a survey was distributed to assess awareness, adoption of the standards, and perceived impact on patient safety.
• The initiative increased the standardization of compounded oral liquids in pediatric patients, and most respondents believed that the creation of standards improved patient safety.
turers nationwide have voluntarily established one standard concentration for single-ingredient liquid formulations of acetaminophen for children younger than 12 years in order to reduce medication errors. 2 This led to the elimination of the infant acetaminophen concentration of 80 mg/0.8 mL and the adoption of an industrywide standard concentration of 160 mg/5 mL. In addition, the Food and Drug Administration's Nonprescription Drug Advisory Committee and Pediatric Advisory Committee have recommended enhanced labeling of all nonprescription, single-ingredient, pediatric acetaminophen products. 3 While these actions promote patient safety, they address only one of the many medications currently formulated as an oral liquid for pediatric patients. Despite initiatives to expand commercially available oral liquids for pediatric use, it is likely that the compounding of many products for children will remain common practice for the foreseeable future.
The University of Michigan Health System and College of Pharmacy and the Michigan Pharmacists Association (MPA) collaborated on an initiative to standardize the concentrations of oral liquids compounded for pediatric use in Michigan in order to improve patient safety. The first step in this process, described elsewhere, 4 was to characterize the baseline variation in compounding practices for oral liquids in pharmacies throughout the state. An initial survey was sent to pharmacies in Michigan in February 2012 to assess oral liquid compounding practices. The survey listed 146 medications and asked respondents whether they compounded these medications and, if so, at what concentrations. The survey was constructed using a Qualtrics online survey tool (Qualtrics Labs, Provo, UT).
This initial assessment revealed significant variability in the number of concentrations compounded for the 146 specific medications, with 455 different concentrations reported, ranging from 1 to 9 concentrations per medication. 4 At least 3 different compounded concentrations were reported for 77 (53%) of the surveyed medications. These practices represented a significant opportunity for error, particularly during transitions of care.
Based on the significant variation observed in baseline practice, the initiative set out to establish standard concentrations for oral liquids commonly compounded by pharmacies in Michigan. After gaining support for the standard concentrations from key stakeholders, the next step of the initiative was to widely disseminate the standards to prescribers and pharmacies in Michigan. The final step was to evaluate the adoption of the standards in the pharmacies. This article describes the process by which the standard concentrations were developed, disseminated, and adopted throughout Michigan.
Development of standard concentrations
The number of distinct concentrations compounded across Michigan pharmacies was identified for each of the 146 medications identified in the initial survey. In addition, respondents identified whether a published formulation was available to support the stability of the concentrations they compounded.
After reviewing the survey data, the authors developed working definitions for the proposed standards based on survey responses and availability of information on submitted concentrations. A bracketing technique was used to classify the drugs for which standards would be developed. The liquid formulation of a drug (e.g., acetazolamide) was considered to have a clearly defined concentration if survey results clearly indicated that a standard could be identified. A drug's formulation was considered to have multiple concentrations (e.g., lisinopril) if survey responses were few or showed no clear standard concentration, if survey responses were considerable and showed multiple possible standards on the basis of dosing considerations. Finally, a drug's formulation was considered to be in the alternative concentration required category if a considerable number of survey responses indicated multiple concentrations across a broad dosing range. An alternative concentration required category also was used if wide variations in patients' possible age and weight resulted in a substantial range in administered volume if only one standard was used (e.g., ursodiol). During our initial review, liquid formulations for 85 drugs were classified as having a clearly defined concentration, 41 were designated as having multiple concentrations, and 14 were identified as requiring an alternative concentration.
The development of proposed standard concentrations utilized common pediatric dosing regimens based on patient weight; Lexicomp Pediatric and Neonatal Lexi-Drugs 5 were used to estimate the range of possible doses for each drug. Possible liquid concentrations were considered in light of the feasibility of accurate measurement of doses and the clinical appropriateness of the volume of liquid required for a dose. Clinical appropriateness was judged by determining the volume of liquid necessary to span the doses likely to be given for a variety of patients, ranging from small infants to large children. In general, we considered a reasonable dose volume to range from 0.1 to 30 mL. A group of pharmacist subjectmatter experts was recommended by the MPA Patient Safety Task Force and charged with developing proposed standard concentrations and ensuring that the proposed standards would meet broad patient and pharmacy practice requirements, with the goal of meeting the needs of 85% of pediatric patients. This group of experts-the MPA Pediatric Oral Liquid Standardization Work Group-included representatives from children's hospitals, compounding pharmacies, outpatient pharmacies, academia, and MPA. There was also an attempt to ensure geographic diversity across the state.
The following criteria were used by the work group for establishing the proposed standards: (1) availability of published literature supporting the formulation, (2) ease of obtaining the formulation ingredients and ease of compounding, (3) shelf-life stability of at least 30 days if possible, (4) selection favoring common concentrations that the majority of pharmacies were already compounding for a particular drug, and (5) ability of the proposed standard to meet the needs of patients from measurement and volume perspectives. The decision was made not to propose a standard concentration for compounding any drug for which a commercially manufactured oral liquid existed. One exception was oseltamivir, which was included in the standards due to drug shortage issues with this medication while the standards were being created. Each proposed concentration was reviewed by the work group during two different meetings and endorsed through consensus. During the process of developing standards, some drugs were removed from consideration due to either commercial availability or a lack of published formulations that would support adoption. The MPA Patient Safety Task Force reviewed the proposed standards and provided feedback.
Before finalizing the concentrations, the project team sought feedback from prescribers on the proposed standard concentrations. The Michigan Health and Hospital Association identified a small group of pediatricians and family practitioners who reviewed the proposed standards. A research assistant created a prescriber feedback website. Prescribers were asked to review the proposed standards and to determine if they met the needs of at least 85% of the pediatric population and whether the proposed standards were thought to be easily measurable for caregivers. In those cases where two concentrations were required because of a wide range of possible doses, the decision was made to create a standard and an alternative formulation whose concentrations differed by a factor other than 10 (to help avoid "10-fold" errors [i.e., errors resulting from misplaced decimal points or extra or missing zeroes]). Feedback received from prescribers resulted in agreement with the proposed standards and the alternative standards, when necessary.
The project team contacted key stakeholder professional associations in Michigan to provide background information on the project and describe the goals of the initiative. Endorsement was obtained from the Michigan Academy of Physician Assistants, Michigan Health and Hospital Association, Michigan Osteopathic Association, MPA, and Michigan State Medical Society. The Michigan State Medical Society also adopted an official resolution in support of the concentration standardization initiative.
Website development
A project website, www.mipeds compounds.org, was developed as an open-source resource for the initiative and served as a key source of information for prescribers, pharmacists, and the public. A formulation page was created for each standard concentration adopted. This page provides prescribers and pharmacists a formulation with a published reference for the standard concentration established. A standardized template was used to ensure consistency in the formulation and contained the following fields: drug name, concentration, route, volume, dosage form, shelf life, storage, auxiliary labeling, ingredients (including quantity and units), directions for compounding the formulation, special notes, and published reference citation (Figure 1) .
The website was drafted in HTML and Cascading Style Sheets, or CSS; formatted; and revised based on feedback from the work group. The website was converted to Drupal (www.drupal. org) for ease in updating the content.
Drupal is an open-source content management system that facilitates editing of content and supports maintenance of the website content. The www.mipedscompounds.org website provides information on the overall initiative, houses the list of standardized concentrations, and provides access to a PDF of a published formulation for each drug and concentration. In addition, the website contains a toolkit that provides a letter for communication of a concentration change to prescribers and another letter for communication to parents or caregivers. Lastly, the toolkit contains criteria for use of alternative concentrations, when necessary. The website also contains a section for acknowledgments and endorsements of the collaborative initiative as well as a "Contact Us" page to send questions or information on the website to the project team.
Google Analytics tools were used to monitor use of the website and assess website traffic. Data gathered from Google Analytics included the numbers of users, sessions, and page views; the average session durations; bounce rates; and users' demographic information from February 7 (go-live date) to December 31, 2014. It should be noted that Google Analytics defines a user as a unique Internet Protocol address, which intrinsically is an estimation of the actual number of users. Sessions refer to the number of times the website itself was accessed, whereas page view refers to the number of individual pages on the website that have been accessed. Finally, the bounce rate refers to the percentage of people who leave the website on the same page they entered without interacting with the page. Websites with low bounce rates are generally considered to cater well to their intended users.
Dissemination of standard concentrations
The dissemination of the standard concentrations to prescribers and pharmacies across Michigan was accomplished by a publicity campaign and occurred in February and March of 2014. Organizations that endorsed the initiative communicated with their members using their typical methods of member communication, including e-mails, newsletters, e-newsletters, news items in journals, and posts on the organization's website. In addition, the publicity campaign included press releases, targeted to radio and print media. In communicating with pharmacists and pharmacies, we used methods similar to those used for the initial survey communication: an email was sent to hospital pharmacy directors with a link to the website, a postcard was sent to every pharmacist in Michigan, a fax with the URL for the website was sent by MPA to independent pharmacies, chain pharmacies were contacted through communication with their central offices, and pharmacy students from Ferris State University, the University of Michigan, and Wayne State University were asked to contact preceptors and supervisors at their place of work or pharmacy practice site to learn about the initiative and the standard concentrations. The standard concentrations were also communicated via an MPA e-newsletter to MPA members, in an educational session at the MPA Annual Conference and Exposition in February 2014 and February 2015 conducted by project team members, and via a link to the www.mipedscompounds.org website on the MPA website. Information on the initiative was communicated to the public through press releases, news stories, and radio interviews that were published and aired by a variety of media outlets.
Evaluation of standards adoption
Approximately six months after the campaign began to disseminate information on the initiative to prescribers, pharmacists, and the public, an evaluation was conducted to determine the degree of awareness, adoption of the standards, and attitudes toward the initiative. Similar to the baseline assessment, feedback on the adoption of the standard concentrations was accomplished via a Qualtrics survey. An e-mail with a link to the survey website was sent to hospital pharmacy directors in the state, a postcard was sent to every pharmacist in the state, a fax communication with the URL for the website was sent by MPA to independent pharmacies, chain pharmacies were contacted through communication with their central offices, and pharmacy students from Ferris State University, the University of Michigan, and Wayne State University were asked to contact preceptors and supervisors at their place of work or pharmacy practice site to provide feedback on adoption of the standards. Table 1 shows the standard concentrations created through the statewide collaborative initiative. Of the 146 medications included in the original assessment, a standard concentration was created for 100 medications. Although the goal was to establish a single standard concentration for use across the pediatric population, alternative concentrations were deemed necessary for 4 medications. A standard concentration was not determined for 46 medications due to limited use, no published reference available, or the availability of a commercial product.
Outcomes
Survey. The postdissemination survey was distributed to 2000 licensed pharmacies in Michigan and (134 of 279) reported adopting approximately half to all of the standard concentrations. A higher degree of adoption (53%) was reported by hospital and health-system pharmacists compared with pharmacists in the community setting (47%) and other settings (43%). A toolkit was developed to help pharmacists and prescribers more effectively communicate concentration changes to caregivers and to prescribers. The toolkit was identified as helpful by the majority of respondents, but approximately 30% of respondents stated that they were unaware of the toolkit. Forty-two percent of respondents (118 of 279) indicated that they had recommended or shared the website with pharmacy colleagues, prescribers, or others.
When evaluating the actions taken by pharmacists when they encountered a nonstandard concentration in a prescription, automatic conversion (e.g., formulary substitution approval) to the standard concentration was reported more frequently in hospitals and health systems than in the community setting (26% versus 12%), 
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Continued from previous page though hospital and health-system pharmacists and community pharmacists contacted a prescriber and encouraged conversion to a standard concentration at approximately the same rate (25% and 26%, respectively). Seventy percent of respondents (194 of 279) agreed or strongly agreed that the initiative to standardize oral liquid concentrations has improved patient safety in Michigan.
In the postdissemination survey, 5 respondents (2%) indicated that they were aware of errors that occurred related to the transition to standard concentrations. These respondents worked in the community and ambulatory care settings. Three respondents were aware of at least one occurrence in which an error resulted in no harm to a patient. In addition, 1 respondent was aware of three occurrences in which an error resulted in no harm to a patient; another respondent reported being aware of greater than five errors that occurred but resulted in no harm. In addition, 1 survey respondent identified one occurrence in which an error occurred that necessitated additional monitoring, laboratory tests, or procedures to confirm that the error resulted in no harm to the patient. Follow-up with these 5 respondents was attempted to obtain more information but was unsuccessful. Thus, it was unclear whether these errors were due to the actual standardization initiative or occurred for reasons unrelated to this initiative. Before the concentration standards were created, errors related to compounded oral solutions within the previous 12 months were reported by 21 (9%) of the 244 pharmacists we surveyed.
Website statistics. During the 2014 calendar year, the www.mipeds compounds.org website was visited 10,681 times by 6,915 unique users, with a bounce rate of 30.44%. On average, each user visited 2.38 pages per session and stayed on the website for two minutes and forty-four seconds. The majority of users accessed the website in the United States (87%), and about half of these users (53%) particular pharmacy was dependent on the reference used. Furthermore, published references did not exist for 34% of the concentrations used by pharmacies. Some pharmacies performed independent studies with oral compounds whose concentration was not found in the published literature, leading to unpublished, pharmacyspecific concentrations, while other pharmacies empirically developed their own formulations. These factors increased variation in the concentrations of compounded oral solutions across Michigan. We found that pharmacies were compounding three or more concentrations of the majority of medications evaluated. This degree of variation in practice poses a significant safety risk for pediatric patients, particularly during transitions of care or when different pharmacies are used in the outpatient and inpatient settings. All stakeholder groups enthusiastically supported our effort to provide standardization of practices in this area. Several areas were assessed when evaluating the effectiveness of the standardization initiative. The first was the pharmacists' awareness of the project. It was gratifying to find that 77% of the responding pharmacists were familiar with the standardization initiative; however, additional efforts are needed to increase this level of awareness to 100%. The relatively high rate of access to the project website during the dissemination phase and the ongoing level of access are encouraging. The website has a stable user base, averaging 20-30 views per day. In addition, the low bounce rate and the geographic spread of users indicate that this website has become a consistent source of pharmacy compounding information throughout Michigan and in other parts of the United States.
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Similarly, the fact that the majority of pharmacists believe that the initiative has improved the safety of medication use in pediatric patients is an important finding. Unfortunately, due to the reliance on voluntary reporting of errors and the lack of a central accessed the website in Michigan. On average, the month of February saw the most users (69 per day), which coincides with the dissemination phase of the website. Access seems to have stabilized, with approximately 20-30 visits per day.
Discussion
The problem of the lack of concentration standardization for compounded oral solutions for use in pediatric patients was assessed and addressed through a statewide collaborative effort to improve patient safety. The ultimate goal of this project was to ensure that pediatric patients receive standard concentrations of compounded oral liquid medications in order to reduce the chance of medication errors. During this project, we found that many prescribers and caregivers reported that they were unaware of the lack of concentration standardization for these medications. Significant variation in compounding practices among pharmacies in Michigan was identified in the baseline assessment. Some oral liquids have multiple concentrations for which a published reference exists; therefore, the concentration compounded by a repository of reported errors, it is not possible to specifically quantify a change in the rate of errors due to the standardization effort. Thus, the overall perception of pharmacists is a reasonable proxy to assess the overall impact on safety.
With regard to pharmacists' actions when they encounter a prescription for a nonstandard concentration, inpatient pharmacies automatically adopted the standard concentrations more frequently, likely through the use of a formulary system within their organizations. A hospital setting may allow for more standardization using restricted or formulary standardization via forcing functions and approval from the pharmacy and therapeutics committee. Pharmacists in all settings indicated that they contacted the prescriber in cases where a nonstandard concentration was prescribed. It is also recognized that in many cases a prescriber does not indicate a specific concentration and only the desired dose to be administered is written. This allows the pharmacist to select the standard concentration without contacting the prescriber.
The baseline assessment identified greater variation in compounded concentrations in the outpatient setting versus the inpatient setting. This finding is important, as parents or caregivers in the outpatient setting may not be aware of differences in concentrations or potential changes during care transitions or when obtaining a prescription from a different pharmacy. Communication failures, a lack of information sharing, and nonstandardization contribute to dose-and concentrationrelated medication errors. Prescribers who are unaware of the lack of standardization of concentrations between pharmacies may not gather adequate information when collecting medication histories or conducting medication reconciliation.
Through a collaborative effort of pharmacists and prescribers throughout Michigan, a consensus on standard concentrations of compounded pediatric oral solutions that will enhance pediatric medication safety was achieved. The creation of standard concentrations for pediatric oral solutions is the first known standardization for compounded oral solutions in a high-risk patient population. The postdissemination survey results indicate that pharmacists in Michigan are aware of the initiative to standardize concentrations for pediatric oral solutions. Over 60% of pharmacists responding to the survey have adopted the concentration standards in their practice to some degree. Thirteen survey respondents provided a rationale for not adopting a specific standard concentration for a medication, including (1) the volume is difficult to administer, (2) a lower concentration was desired by the prescriber, (3) an injection form could be used instead to prepare the solution with no additions, (4) it is too difficult to compound the standard concentration, (5) a concentration with a longer duration of stability is required, and (6) it is cumbersome to change the current practice. In addition, over 40% of pharmacists responding to the survey recommended or shared the website containing the standard concentrations with other pharmacists or prescribers. Furthermore, over 70% of respondents believed the initiative to standardize oral liquids compounded for pediatric patients has improved the safety of patients throughout the state.
Only 48% of pharmacists reported that they had adopted at least 50% of the standard concentrations. While this response seems disappointing on the surface, some of the standard concentrations may not have been adopted because the pharmacist or pharmacy may not actually compound all of the drugs for which standards were developed. This area requires additional evaluation. Also, the MPA Patient Safety Task Force should evaluate responses from pharmacists who did not adopt specific concentrations to determine whether modifications could be made to the standard formulations to improve the adoption rate.
The standardization initiative in Michigan has gained the attention of other states and national organizations. The Institute for Safe Medication Practices suggested that pharmacies evaluate whether they can adopt the standards in their practice. 6 An ideal future direction for this initiative is to have national adoption of concentration standards for oral liquids compounded for pediatric patients. In addition, the potential to work with third-party payers to incentivize reimbursement for standard concentrations of oral liquids has been discussed. National involvement and engagement of third-party payers have the potential to greatly increase the adoption of standard concentrations and improve pediatric patient safety across the country. Another area for further improvement is the difficulty in using electronic prescribing for compounded medications due to prescription processing systems' inability to support compounded formulations. Lastly, in times of protracted shortages of specific medications, the establishment of a standard concentration may be desirable and could be temporarily adopted and communicated through the state pharmacist association.
The survey results may not be completely representative of all of the practices in Michigan. The sample was underrepresented with regard to chain pharmacies, as some had corporate policies restricting the sharing of information. Consequently, the true variability in compounding practices may be greater than our survey results indicate; however the majority of survey participants worked in the outpatient setting. Also, not all pharmacies in the state compound pediatric oral liquid medications. Thus, many pharmacies may have elected not to respond to the survey because they do not engage in this type of practice, despite the fact that the authors encouraged individuals to participate in the survey regardless of compounding practices. The authors cannot rule out the impact of this potential selection bias.
Conclusion
Standard drug concentrations for compounded oral liquids were developed for pediatric patients in Michigan. A survey after dissemination of the recommended standards confirmed general awareness of the initiative and adoption of the standards by a substantial proportion of respondents. Most respondents indicated a belief that creation of the standards improved patient safety.
